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trusions" is disclosed. The cooling apparatus of the present 
invention may be incorporated into a closed loop liquid 
cooling system which is particularly well suited to heat re- 
moval from electronic components in applications where 
space is limited. A cooling system in accordance with the 
present invention is illustrated for use in a typical wireless 
telecommunication bases station for removing heat from 
power amplifiers and other electronic components. Cool- 
ing is carried out by drawing heat away from the electronic 
components and into at least one low profile extrusion at- 
tached directly to the heat generating components or a heat 
sink, and transferring the removed heat to a cooling fluid 
circulating through a plurality of micro tubes or channels 
within each low profile extrusion. The cooling fluid is sub- 
sequently pumped through a liquid-to-air heat exchanger, 
to reject the removed heat into the atmosphere, prior to be- 
ing recirculated through each of the low profile extrusions. 
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ELECTRONIC ENCLOSURE COOLING SYSTEM 

RELATED PATENTS 

This application is a related application of commonly owned and co- 
pending U.S. patent application 09/368,183 filed on June 8, 1999, which is 
incorporated in its entirety herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention pertains generally to cooling apparatus, and more 
particularly, but not by way of limitation, to a cooling apparatus using "low 
profile extrusions." More specifically, the cooling apparatus of the present 
invention is particularly suited to cooling high watt density subassemblies such 
as power amplifiers and filters commonly used in modern telecommunications 
equipment. 

History of the Related Art 

As explained in greater detail below, the cooling system of the present 
invention is capable of removing heat generated by electronic equipment in a 
particularly dense environment, as is commonly encountered in a cabinet housing 
power amplifiers for telecommunications equipment. In these types of 
applications, space is extremely limited within the cabinet, and control of thermal 
cycling is critical. 

As used in this document, the term "low profile extrusion" refers to an 
integral or unitary piece of metal having a series of micro extruded hollow tubes 
or channels formed therein for containing a fluid. The micro tubes or channels 
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will typically have an effective diameter ranging from about 0.0625 inches to 
about 0.5000 inches, but can also have significantly smaller diameters. 

Preferred low profile extrusions are sold by Thermalex, Inc. of 
Montgomery, Alabama. A brochure entitled "Thermalex, Inc. - Setting A Higher 
5 Standard in Aluminum Extrusions" (hereinafter the "Thermalex Brochure") 

provides additional detail regarding the Thermalex low profile extrusions and is 
incorporated herein by reference. U.S. Patent No. 5,342,189, which is 
incorporated herein by reference, provides additional detail regarding an extrusion 
die for making such low profile extrusions. U.S. Patent No. 5,353,639, which is 

10 incorporated herein by reference, provides additional detail regarding a method 

and apparatus for sizing a plurality of micro extruded tubes used in such low 
profile extrusions. These low profile extrusions are commercially available in 
strip form (having a generally rectangular geometry) or coil form (a continuous 
strip which is coiled for efficient transport). 

15 It is notable, that although the micro tubes or channels described herein 

have an effective diameter, because the low-profile extrusion is formed of a single 
piece of metal which is extruded, it is possible to form channels with square, 
rectangular, or almost any geometry. Moreover, it is possible to extrude fins, 
grooves or wick structures on the interior of the channels without any additional 

20 machining steps. The low profile extrusions preferably have multi-void micro 

extruded tubes designed to operate under the pressures and temperatures required 
by modern environmentally safe refrigeration fluids and to resist corrosion. Such 
low profile extrusions are preferably formed from aluminum, although it is 
possible to use other metals or alloys which are sufficiently malleable to be 

25 extruded and have relatively high heat conductivity. 
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SUMMARY OF THE INVENTION 

The present invention discloses a low profile cooling system which is 
particularly well suited for cooling power amplifiers and other electronic 
components housed within a wireless telecommunications base station. 
5 Telecommunications base stations are typically cabinet-like structures, containing 

racks of electronic equipment, which are located outdoors and exposed to a 
variety of environmental conditions including temperature variations, rain and 
other natural conditions. These base stations further include a large number of 
power amplifiers and other electronic components mounted on cards or metal 

1 0 plates for the conduction of heat. The metal plates, which act as heat sinks, will 

typically have power amplifiers and other components mounted on one side and 
fins or other cooling structures mounted on the opposite site. Typically, ambient 
air will be circulated in high volumes throughout the entire cabinet and across the 
fins of each metal plate to result in the removal of heat from the electronic 

1 5 components by conduction into the plate and convection from the plate to the air. 

In one embodiment of the present invention, a closed liquid loop cooling 
system provides superior heat removal to the conventional air circulation method. 
The low profile extrusions are fitted with end caps or manifolds at opposite ends, 
and conduits or plumbing to carry a heat transfer fluid to and from each of the 

20 extrusions. The cooling system of the present invention generally comprises one 

or more low profile extrusions, a heat transfer fluid, a means for circulating the 
heat transfer fluid, and means for removing heat from the heat transfer fluid. 

As noted earlier, each low profile extrusion has a plurality of micro tubes 
with micro tube inlets and micro tube outlets, and a substantially flat exterior 

25 surface adapted for receiving heat from at least one heat generating component. 

The end caps interconnect the micro tube inlets and outlets of each low profile 
extrusion in fluid communication and further connect the low profile extrusions 
in fluid communication with each other in either a series or parallel configuration. 
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One or both of the end caps or manifolds may also contain openings or 
connections for a fluid input tube and a fluid output tube. The means for 
circulating the heat transfer fluid circulates the fluid through the inlet tube, the end 
cap inlet, the plurality of micro tubes in each low profile extrusion, the end cap 
outlet, and the outlet tube. 

In one embodiment, heat generated by the electronic components, such as 
power amplifiers, is conducted away from the components through the metal plate 
on which they are mounted, into the low profile extrusions, and then passed to the 
heat transfer fluid circulating therein. The heat transfer fluid is pumped by the 
circulating means into and out of each low profile extrusion and through the 
means for removing heat from the fluid before being recirculated and passed again 
through the low profile extrusions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 5 A more complete understanding of the method and apparatus of the present 

invention may be obtained by reference to the following Detailed Description 
when taken in conjunction with the accompanying Drawings wherein: 

Figure 1 is a schematic diagram of the present invention, shown as a 
closed loop circulation, fluid cooling system for removal of heat from power 
20 amplifiers and other heat generating components; 

Figure 2A is an exploded perspective view of a cooling fluid backplane 
with three low profile extrusions arranged between a pair of manifolds for 
directing fluid flow; 

Figure 2B is a front elevational view of the cooling fluid backplane of 
25 Figure 2A with three low profile extrusions arranged between a pair of manifolds 

for directing fluid flow; 

Figure 2C is an exploded perspective view of the cooling fluid backplane 
of Figure 2 A attached to a heat sink with power amplifiers mounted thereon; 

4 
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Figure 3 A is a exploded perspective view of a liquid-to-air heat exchanger 
unit in the form of a low-pressure drop external condenser unit; 

Figure 3B is a front elevational view of a liquid-to-air heat exchanger unit 
in the form of a flat pack radiator condenser unit; 
5 Figure 4 is a front elevational view of a telecommunications base station 

implementing the cooling system of the present invention with the front panel of 
the housing and the plumbing removed to better illustrate the positioning of the 
power amplifiers and the external condenser unit; and 

Figure 5 is cutaway side view along section line A- A of Figure 4 and 
10 further illustrating a possible configuration for the cooling system of the present 

invention. 

DETAILED DESCRIPTION 

The preferred embodiments of the present invention and their advantages 
15 are best understood by referring to FIGURES 1 - 5 of the drawings, like numerals 

being used for like and corresponding parts of the various drawings. The present 
invention is illustrated herein by example, and various modifications may be made 
by a person of ordinary skill in the art. 

As best seen in Figure 1, one embodiment of the present invention is 
20 shown in a schematic diagram in which a heat transfer fluid is circulated in a 

closed loop to cool components within a telecommunications base station 1 0. The 
cooling system 100 of the present invention removes heat from power amplifiers 
and other electrical components 1 10 by conducting the heat into a metal plate or 
heat sink 120 on which the components 110 may be directly mounted to one side 
25 122. The removed heat is then conducted from the heat sink 120 into at least one 

low profile extrusion 130 mounted to opposite side 124 of the heat sink 120. 

Each low profile extrusion 130 is filled with a conventional refrigeration 
or heat transfer fluid, as known in the art. In one embodiment, the heat transfer 
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fluid may be a water/ethylene glycol mixture, as commonly used in automotive 
cooling applications. The water/ethylene glycol mixture may be blended in 
various ratios, but will normally range between about 40/60 and 60/40 with a 
50/50 ratio being acceptable for most applications of the present invention. Of 
5 course, other cooling fluids may be substituted to adjust for specific operating 

conditions. By way of example only, water/propylene glycol mixtures may be 
used, as well as various organic salt solutions such as DYNALENE. 

In one embodiment, several low profile extrusions 130 may be fitted 
between a pair of end caps or manifolds 140, 145 for directing fluid flow to each 

10 of the extrusions 130 in parallel or from one extrusion to another in series. As the 

cooling fluid passes though micro tubes 135 of the low profile extrusion 130 it 
removes heat from the body of the extrusion 1 3 0 and may undergo a phase change 
or evaporative process. The heated fluid is then passed by a series of conduits 190 
from the housing 10 to an external condenser unit 200 much like that used in 

15 residential air conditioning systems. As best seen in Figure 3 A, the external 

condenser unit 200 has a condensation coil 210 which is provided with cooling 
fins 220 and is positioned about a central fan 250 which draws ambient air 
through the sides of the unit 200, across the cooling fins 220, into the center of 
the unit 200 and out through the top. The cooled and condensed fluid is then 

20 recirculated back into the housing 10 and through the low profile extrusions 130. 

Each element of the closed loop cooling system 100 will now be described in 
further detail. 

With reference to Figure 2A, an exploded perspective view of a cooling 
fluid backplane 150 is shown. The backplane 150 is formed of three low profile 
25 extrusions 130 arranged between a pair of manifolds 140,145 for directing fluid 

flow. As noted earlier, each of the low profile extrusions 130 is formed of an 
integral or unitary piece of material having a series of micro-extruded hollow 
micro tubes or channels 135 formed therein for containing a fluid. Although the 
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tubes or channels 135 are described herein as having effective diameters, because 
the low profile extrusion 130 is formed of a single piece of metal which is 
extruded, it is possible to form channels 135 which are square, rectangular, or of 
almost any geometry. Moreover, it is possible to extrude fins, grooves, or wick 
5 structures on the interior of the channels 135 without any additional machining 

steps. In one embodiment, these channels or micro tubes 135 have a generally 
rectangular shape with linear partitions 138 between individual channels 135. 

Although it is possible to form the channels 135 with virtually any 
geometry, channels having at least one flattened surface 136 are generally 

10 preferred. This is because heat transfer is more efficient between well-mated 

surfaces which are flush to each other. As the exterior of the low profile 
extrusions 130 will have a generally flat outer surface 131 for receiving heat from 
a generally flat heat sink 120, so too the inner surfaces of the channels 135 should 
have flattened surfaces 136 for receiving heat from the exterior 131 of the low 

15 profile extrusion 130. In one embodiment, these channels 135 are rectangular in 

shape as this provides not only the flattened interior surface 136 which is 
desirable, but also allows for the maximum volume of fluid to be passed through 
the low profile extrusion 130 without compromising the strength or mechanical 
integrity of the part. It is also notable that while these low profile extrusions 130 

20 are commonly formed of aluminum it is possible to use other metals or alloys 

which are sufficiently malleable to be extruded and have relatively high heat 
conductivity. 

Returning again to Figure 2A, the cooling fluid backplane 1 50 is provided 
with a pair of manifolds 140, 145 for directing fluid flow between each of the 
25 three low profile extrusions 130. These manifolds 140, 145 may connect the low 

profile extrusions 130 either in parallel or in series. In one embodiment, the first 
manifold 140 is provided with a single fluid inlet 160 and two fluid outlets 165. 
The second manifold 145 serves to cap or seal the opposite ends of the low profile 
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extrusions 130 and is designed to receive fluid from the central low profile 
extrusion 130a and then split the flow and redirect it to the two outer low profile 
extrusions 130b, 130c equally. 

With reference now to Figure 2B, an assembled cooling fluid backplane 
150 is shown with three lowprofile extrusions 130a, 130b, 130c arranged between 
a pair of manifolds 140, 145 for directing fluid flow. In operation, fluid is 
pumped through the fluid inlet 160 of the first manifold 140 and into the central 
low profile extrusion 130a of the backplanel50, into the second manifold 145 
where the flow is split and diverted equally into the two outer low profile 
extrusions 130b, 130c, and eventually out through the two fluid outlets 165 ofthe 
backplane 150. It is notable that, in one embodiment, the backplane 150 is 
provided with three dripless quick connect fittings 170. These fittings 170 will 
typically allow a user to insert or remove a fluid backplane 150 from the system 
100 without threaded fasteners, soldering, or brazing steps of any kind. These 
fittings 170 are known in the art and generally comprise a male portion and a 
female portion which may be snap fit or pressed together and are commonly 
provided with Orings or other gaskets to ensure a drip-free connection. Of 
course, it is understood that a small drip pan or catch pan, not shown, may be 
added to the system 100 to provide an extra measure of safety in an electronics 
intensive environment snch as a telecommunications based station 10. 
Alternatively, it is also possible to locate the plumbing connections behind an 
isolation wall, not shown, to further minimize risk to electronics from small fluid 
leaks. It is also understood that the entire cooling system may be hard plumbed 
throughout the cabinet with mechanical snap or press fit type connections between 
the fixed cooling fluid backplanes and the removable power amplifier cards. 

Turning now to Figure 2C, an exploded perspective view of a cooling fluid 
backplane 150 is shown attached to a heat sink 120 with power amplifiers and 
other electronic components 110 mounted thereon. Looking at Figure 2C, it is 
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relatively easy to observe a conductive path in which heat may be transferred from 
the power amplifiers and other electronic components 1 10 to the metal heat sink 
120, from the heat sink 120 to the low profile extrusion 130, and from the body 
of the low profile extrusion 130 to the refrigeration fluid which is circulating 
5 therein. Figure 2C also illustrates how the electronic components 1 10, the heat 

sink 120 and the cooling fluid backplane 150 can all be brought together into a 
modular low profile amplifier unit 1 80. 

Conventional telecommunications base stations, and similar electronics 
cabinet structures, commonly use forced air convection to cool electronic 

10 components thereby requiring large fin-like projections to be placed on each of 

the heat sinks. These fins may vary in size but are quite commonly about 1.0 to 
3.0 inches in height. A single prior art plate or heat sink, not shown, with 
electronic components mounted on one side and cooling fins mounted on the 
other will generally be about 3.0 to 4.0 inches in thickness. In contrast, a heat 

15 sink 120 of the present invention (Figure 2C) with electronic components 110 

mounted on one side 122 and a cooling fluid backplane 150 mounted on the other 
side 124 will generally have a thickness of only about 2.0 to 2.5 inches. Thus, by 
using the liquid loop cooling system of the present invention, it is possible to 
increase the electronic equipment capacity of a typical telecommunications base 

20 station while also achieving lower electronic component temperatures. 

With reference now to Figure 3 A, an exploded perspective view of a 
liquid-to-air heat exchanger unit 200 is shown. The liquid-to-air heat exchanger 
unit 200 is very similar in design to condenser units used in conventional 
residential air conditioning systems. In this design, heated or evaporated heat 

25 transfer fluid enters the condenser 200 through an input valve 205 and is then 

circulated through a series of tubes or conduits 210 which are shaped in a 
generally circular or box-like design about a central cooling fan 250. The 
condenser tubes 210 are generally spaced several inches apart in the vertical 
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direction with metal fins 220 disposed between each layer of tubing 210. In 
operation, the central cooling fan 250 is driven by an electric motor, not shown, 
so as to draw ambient air through the cooling fins 220 and into the center of the 
condenser unit 200 and then to blow the air out through the top of the unit 200. 
The heat transfer fluid is cooled by conducting heat from the tubing 210 to the 
metal fins 220 which dissipate the removed heat by convection to the ambient air 
which is being drawn across them. The fan/radiator approach for a condenser unit 
200 arranged in this box or circular fashion provides optimal heat removal due to 
the high surface area of the cooling fins 220 and the low pressure drop of the heat 
exchanger 200 across these fins 220. It is also noted that this style heat exchanger 
200, in one alternative embodiment, may be modified from the design of a 
conventional air conditioning system condenser unit to allow relatively low 
pressure fluids to be circulated through the heat exchanger 200 using tubing 2 10 
with larger internal flow diameters than would be used in a high pressure air 
conditioning system. 

In operation, heated fluid will normally enter the condenser unit 200 
through an input valve 205, be cooled or condensed through the series of cooling 
tubes 210, drawn into at least one electrically powered fluid pump 240, pumped 
out of the condenser unit 200 through an outlet valve 206, and then recirculated 
throughout the cabinet or housing 10 containing the electrical components 110. 
Note that it is understood that two or more fluid pumps 240 may be used in place 
of the one fluid pump to incorporate redundancies into the cooling system 100. 

The cooling system 1 00 further uses a low pressure drop liquid-to-air heat 
exchanger or condenser unit 200 (Figure 3 A) that can be configured to a cabinet 
or housing 10 roof mount design, as shown in Figures 4 and 5. This configuration 
is ideal for dumping removed heat into the atmosphere due to the high amount of 
surface area of a design, the need for only one fan 250 to draw ambient air 
through the cooling fins 220, low noise operation levels, and low cost due to the 
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similarity to condenser units used in conventional air conditioning systems. 
Moreover, the roof mount or top hat design 200 is modular and may be readily 
taken on or off of the cabinet or housing 1 0 containing electrical components 1 10. 
This design should permit the condenser unit 200 to be easily maintained or 
replaced if necessary and also allow the housing or cabinet 10 and condenser unit 
200 combination to occupy a minimum footprint It is also understood that should 
a cabinet 10 be located in an indoor environment, it is possible to remove the 
condenser unit 200 altogether and with the appropriate plumbing or conduits, 
move the condenser unit 200 to a remote location such as the roof or exterior of 
a building. 

It is the inventors' belief that this type of liquid-to-air heat exchanger, 
normally associated with residential air conditioning systems, has not been 
implemented in liquid loop electronic cooling applications. Heat exchangers or 
condenser units, of this sort, are readily available and offer a considerable amount 
of heat rejection within a design which is both compact in size and relatively low 
in cost. In short, although other means for removing heat from the heat transfer 
fluid are available, it would be difficult to achieve comparable system 
performance without inclining a great deal of additional expense. 




§^^H However, if desired, it is possible to reposition the fen/radiator 
combination into alternative configurations. By way of example only, one such 
configuration would be a flat pack 300 design, as shown in Figure 3B, in which 
the entire length of condenser tubing 310 is zig-zaggedback and forth in a single 
plane with one or more cooling fans 350 blowing air across and through the 
radiator. The condenser tubing 310 may also have attached cooling fins 320 to 
increase surface area and heat dissipation. This flat pack 300 design may be 
desirable in applications where it is necessary to set the condenser unit off to the 
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side of the housing or cabinet 10 while still maintaining a minimal footprint It 
is also notable that, as shown in Figure 1, such a flat pack 300 configuration of a 
radiator/fan combination may be used internally within the housing 1 0 to remove 
excess heat from the air in conjunction with the cooling liquid backplanes 150 
attached directly to the heat sinks 120 on which the electrical components 1 10 are 
mounted. A flat pack radiator, used in this manner, could also remove heat 
generated by low watt density components, for which liquid loop cooling is not 
economical, and by solar loads on the base station itself. When used in this 
configuration, the cooling backplanes 150 and the flat pack radiator 300 as well 
as the external condenser unit in either a top hat 200 (Figures 4 and 5) or flat pack 
300 (Figure 3B) design may all be part of the same closed liquid loop supported 
by the same pumps 240. 

With reference now to Figure 4, a front elevational view of a 
telecommunications base station 10 implementing the cooling system 100 of the 
present invention is shown. For clarity, the front panel of the housing 10 and the 
various plumbing or other conduits are removed to better illustrate the positioning 
of the power amplifiers 110 and the external condenser unit 200. 

As illustrated here, a typical telecommunications base station 1 0 may have 
three horizontal rows or racks 20, 30, 40 of electrical components 1 10 as well as 
a backup power supply 50 and an external condenser unit 200. Each of the racks 
20, 30, 40 of electrical components 1 10 are further subdivided into nine discrete 
cards or plates 120 on which electrical components 1 10 such as power amplifiers 
maybe directly mounted. Of course, it is understood that the number of racks 20, 
30, 40 and number of plates 120 per rack 20, 30, 40 is largely dependent upon the 
dimensions of a particular housing 10. Accordingly, the cooling system 100 of 
present invention could be made to handle larger or smaller numbers of plates 1 20 
with the appropriate modifications to the plumbing within the housing 10. 
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While conventional telecommunications base stations 10 will normally 
require these plates 120 to be spaced a considerable distance apart to allow for 
cooling fins and a proper amount of air flow between the plates 120, by using the 
cooling system 110 of the present invention, it is possible to stack these plates 120 
5 ■ almost directly adjacent to each other. Note that each of these plates 120 have 
been provided with a cooling fluid backplane 1 50 as described earlier. As shown 
in Figure 5, each plate/fluid backplane combination 1 80 has one fluid inlet 1 60 
and two fluid outlets 165 which circulate fluid throughout the micro tubes or 
channels 135 (Figure 2A) of the three low profile extrusions 130 mounted to each 
10 heat sink 120. A fluid reservoir, not shown, may also be provided to assist in 

maintaining a consistent fluid level throughout the system 100. The external 
condenser unit 200 shows a radiator fan combination in a roof mount or top hat 
configuration. 

With reference now to Figure 5, a cut away side view along section line 
15 A-A of Figure 4 is shown. This figure illustrates a possible system configuration 

and liquid loop for the cooling system 100 of the present invention. As shown in 
Figure 5, and referring back to Figures 1 - 4, heat transfer fluid is pumped from 
one or more pumps 240 located in the external condenser unit 200 into the 
housing 10 containing the electronic components 1 10 by conduits 190 through at 
20 least one fluid inlet 160 into a first end cap 140 where it is distributed through at 

least one low profile extrusion 130 formed with a plurality of micro tubes or 
channels 135, through the micro tubes or channels 135 and into a second end cap 
145 where it is passed through the micro tubes 135 of a second low profile 
extrusion 130 and back into the first end cap 140 where it is passed out through 
25 a fluid outlet 1 65 into a conduit 190 where it may be transported back up to the 

cooling unit 200 mounted on the roof or top of the housing 10 where it is air 
cooled and condensed and passed back into the one or more pumps 240 for 
recirculation throughout the system 100. As shown in Figure 5, each heat sink 
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120 with the electrical components 1 10 mounted on one side 122 and the cooling 
fluid backplane 150 mounted on the opposite side 124 form a single modular 
amplifier unit 1 80. These units have one fluid inlet 260 and two fluid outlets 265 
which are provided with dripless quick connect couplings 1 70 for ease in insertion 
and removal from the system 100. As noted earlier, the dripless quick connect 
fittings 170 are convenient in that they allow for drip free plumbing connections 
without the use of threaded fasteners, brazing, or welding steps. Of course, it is 
understood that any other suitable plumbing connectors may also be used, but that 
installation of additional modular amplifier units 180 may be more difficult In 
one embodiment of the present invention, the entire cabinet or housing 10 of the 
telecommunications base station may be provided with pre-installed plumbing 
connections to each rack 20, 30, 40 and each card slot within the rack prior to use. 
In turn, this would allow users to add and remove amplifier units 180 in any 
possible configuration without any further plumbing needed in the system 100. 

Although in the present design, the condenser unit 200 is shown as having 
two electrically powered pumps 240 to provide fluid circulation throughout the 
entire cooling system 1 00, it is understood that this system could be operated with 
either a single pump or with multiple pumps to incorporate a redundancy. It is 
also understood that one or more fluid pumps may be located at other positions 
throughout the system 100. 

In one further embodiment of the present invention, the backup power 
supply 50 may also be cooled and maintained at a desired operating temperature 
with liquid loop cooling. The backup power supply 50 will commonly have a 
plurality of batteries capable of keeping the telecommunications base station 
functional in the event of an electrical power outage. In some instances, these 
batteries may also generate a considerable amount of heat. A cooled battery tray 
is formed of a flat metal sheet or tray on which a plurality of batteries are placed 
on an upper surface. The battery tray acts as a heat sink and conducts heat away 
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from the batteries. At least one low profile extrusion is mounted to the lower 
surface of the battery tray and connected to the liquid loop, as described above, 
for the removal of generated heat. In operation, heat generated by the batteries is 
conducted into the battery tray, conducted from the battery tray into at least one 
5 low profile extrusion and passed on to the fluid circulating throughout the low 

profile extrusion. The heated fluid is then circulated through a heat exchanger for 
cooling prior to recirculation. It is further possible to use a stacked configuration 
of low profile extrusions having thermoelectric cooling (TEC) units disposed 
between them to cool the battery tray using both active and passive cooling 

10 techniques. 

By way of example only, data is provided on a typical telecommunications 
base station 10 which has been fitted with the cooling system 100 of the present 
invention. In this particular example, the heat transfer fluid was a 50/50 mixture 
of water/ethylene glycol which was circulated throughout the system 100 at a rate 

15 of 0.4 gallons per minute. A radiator style or flat pack heat exchanger unit 300 

was sized for a 10°C rise at 500 watts, and had an air flow rate of about 170 cubic 
feet per minute. Measurements were obtained at a steady state achieved after 45 
minutes of continuous operation. It was noted that an average base plate 120 
backplane side 124 temperature was maintained at less than 18.7°C above 

20 ambient under a 450 watt load. The average component side 122 temperatures of 

a base plate 120 were maintained at less than 24°C above ambient temperatures 
under a 450 watt load. It was also noted that approximately 10% of the heat 
generated by the electronic components 110 generally goes into ambient air within 
the cabinet 10 and not into the fluid under a 450 watt load. As noted earlier, it is 

25 possible in at least one alternative embodiment to remove one of the electrical 

component racks 20, 30, 40 from the cabinet 10 and replace this with a flat pack 
300 or other radiator/fan design to remove residual heat from the air within the 
cabinet 10. This radiator/fan combination 300 may also be plumbed into the 

15 
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existing closed loop system 100 and utilize the existing quick connect plumbing 
which is installed within the housing 10. 

Advantages ofthe present cooling system 100 include reduced fin side 124 
temperatures in comparison with conventional air cooled base stations. Electronic 
5 equipment will also have a reduction in thermal cycling, material decomposition, 

electromigration, diffusion effects and thermal stresses. The reduced temperatures 
and thermal cycling should lead direcdy to an increase in the life of the electronic 
components 110 themselves. It is estimated that for every 10 °C reduction in 
temperature, electronic device life may be increased by as much as a factor of two. 

1 0 By implementing the cooling system 1 00 ofthe present invention, it is also 

possible to reduce the plate or heat sink 120 thickness, in comparison to 
conventional heat sinks with fins, on each amplifier unit 1 80 which should reduce 
the materials cost of each plate 120. The extended amplifier life should also lead 
to a reduction in replacement of amplifier units 180 which may result in additional 

15 savings of substantial amounts, given the cost of these units. 

One final benefit to the cooling system of the present invention, would be 
reduced sealing issues relative to the outside environment As noted earlier, many 
of these housings 10 are located outdoors and cooled by circulation of ambient air. 
Consequently, each card or power amplifier unit had to be individually sealed. In 

20 the present invention, the entire cabinet or housing 10 may be sealed and cooling 

within the housing 10 may be provided by the circulated heat transfer fluid. 

Although preferred embodiments of the invention have been described in 
the examples and foregoing description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable of numerous 

25 rearrangements and modifications of parts and elements without departing from 

the spirit of the invention, as defined in the following claims. Therefore, the spirit 
and the scope ofthe appended claims should not be limited to the description of 
the preferred embodiments contained herein. 
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WHAT IS CLAIMED IS: 

1. An electronic enclosure cooling system comprising: 

a housing; 

at least one low profile extrusion for receiving heat from 
heat generating components installed within the housing, said at least one low 
profile extrusion having a plurality of micro tubes; 

a heat transfer fluid; 

a heat exchanger for removing heat from said heat transfer 

fluid; and 

means for circulating the heat transfer fluid from said heat 
exchanger, through said plurality of micro tubes of each of the at least one low 
profile extrusions, and back to said heat exchanger in a closed fluid loop. 

2. The electronic enclosure cooling system of claim 1, wherein said 
heat exchanger is a liquid-to-air heat exchanger. 

3. The electronic enclosure cooling system of claim 2, wherein said 
liquid -to-air heat exchanger further comprises a condenser coil having a plurality 
of cooling fins, said condenser coil being shaped to fit about a central cooling fan. 

4. The electronic enclosure cooling system of claim 3, wherein said 
liquid -to-air heat exchanger is mounted externally on top of said housing. 

5. The electronic enclosure cooling system of claim 2, wherein said 
liquid-to-air heat exchanger is a flat pack radiator. 



17 



WO 02/13588 



PCT/US01/07113 



6. The electronic enclosure cooling system of claim 1, further 
comprisingaflatpackradiator disposed within said housing and connected to said 
closed fluid loop of said heat transfer fluid, wherein said flat pack radiator is 
adapted to remove heat from air within the housing. 

5 

7. The electronic enclosure cooling system of claim 1, further 
comprising a battery backup power system* 

8. The electronic enclosure cooling system of claim 7, further 
10 comprising at least one battery cooling low profile extrusion for receiving heat 

from said battery backup power system > said at least one battery cooling low 
profile extrusion having a plurality of micro tubes connected to said closed 
fluid loop of said heat transfer fluid. 

15 9. The electronic enclosure cooling system of claim 1 , wherein said 

heat transfer fluid is a water/ethylene glycol mixture. 
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10. A low profile cooling system for removing heat from at least one 
heat generating component, said cooling system comprising: 
a heat sink; 

at least one low profile extrusion having an exterior surface 
5 adapted for receiving heat from said heat sink and a plurality of micro tubes with 

a micro tube inlet and a micro tube outlet; 

a first fluid manifold having a fluid inlet and providing fluid 
communication between said fluid inlet and said micro tube inlet of said at least 
one low profile extrusion; 
10 a second fluid manifold having a fluid outlet and providing 

fluid communication between said fluid outlet and said micro tube outlet of said 
at least one low profile extrusion; 

a heat exchanger having at least one fluid pump and being 
in fluid communication with said fluid inlet and said fluid outlet; 
15 a heat transfer fluid; and 

wherein said at least one fluid pump circulates said heat 
transfer fluid through said fluid inlet, said first manifold, said plurality of micro 
tubes, said second manifold, and said heat exchanger in a closed fluid loop. 

20 1 1. The low profile cooling system of claim 10, wherein said heat 

exchanger is a liquid-to-air heat exchanger. 

12. The lowprofile cooling system of claim 11, wherein said liquid-to- 
air heat exchanger further comprises a condenser coil having a plurality of cooling 

25 fins, said condenser coil being shaped to fit about a central cooling fan. 

1 3 . The low profile cooling system of claim 1 1 , wherein said liquid-to- 
air heat exchanger is a flat pack radiator. . 
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14. A cooling fluid backplane comprising: 

at least one low profile extrusionhaving an exterior surface 
adapted for receiving heat from a heat sink and a plurality of micro tubes with a 
micro tube inlet and a micro tube outlet; 

a first fluid manifold having a fluid inlet and providing fluid 
communication between said fluid inlet and said micro tube inlet of said at least 
one low profile extrusion; and 

a second fluid manifold having a fluid outlet andproviding 
fluid communication between said fluid outlet and said micro tube outlet of said 
at least one low profile extrusion. 

15. The cooling fluid backplane of claim 14, further comprising 
dripless quick connect fittings on said fluid inlet and said fluid outlet 

1 6. The cooling fluid backplane of claim 14, further comprising snap 
fit fasteners for attachment to said heat sink. 
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17. A method of cooling an electronic enclosure having heat 
generating electronic components therein with a closed loop, liquid cooling 
system, said method comprising the steps of: 

mounting said heat generating electronic components to a 
5 first side of at least one heat sink; 

disposing said heat sink within an enclosure; 
conducting heat from said at least one heat sink into a 
cooling fluid backplane; 

circulating a heat transfer fluid throughout said cooling 

10 fluid backplane; 

passing said heat transfer fluid through a heat exchanger 
located outside of said enclosure; and 

recirculating the heat transfer fluid throughout the cooling 
fluid backplane and the heat exchanger to form a closed loop and to thereby cool 
15 said heat generating electronic components. 

1 8. The method of claim 17, further comprising the steps of: 

providing a flat pack radiator; 

disposing said flat pack radiator within the enclosure to 
20 remove heat from air within the enclosure; and 

circulating the heat transfer fluid throughout the flat pack 
radiator, the cooling fluid backplane and the heat exchanger to form a closed loop 
and to thereby cool said heat generating electronic components. 
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